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BACKGROUND 

On some of  t h e  e a r l y  Space S h u t t l e  f l i g h t s  t h e  a f t  s k i r t  h z a t  s h i e l d  

c u r t a i n  f a i l e d  d u r i n g  r e e n t r y .  T h i s  a l lowed t h e  h o t  g a s e s  t o  damage some of  

t h e  equipment ,  e t c . ,  i n s i d e  t h e  s k i r t .  For  example, some o f  t h e  p r o p e l l a n t  

l i n e s  were overhea tnd  and r u p t u r e d  and some of  t h e  NSI ( n o z z l e  se-:erance) 

c a b l e s  were damaged. It  h a s  been sugges t ed  t h a t  "Insta-Foam" TPS be sp raye?  

Dver t h e s e  l i n e s ,  e t c . ,  t o  p r o t e c t  them d u r i n g  f u t u r e  f l i g h t s  i n  c a s e  of  a 

c u r t a i n  f a i l u r e .  The t e s t s  p r e s e n t e d  h e r e i n  were dev i sed  and r u n  t o  check o u t  

t h e  f e a e i b i l i t y  of  t h i s  i d e a .  

TEST OBJECTIVE 

Ths o b j e c t i v e  o f  t h e s e  tests was t o  de t e rmine  whether  Insta-Foam can  be 

used s u c c e s s f a l l y  t o  p r o t e c t  i t e m s  i n s i d e  t h e  SRB a f t  s k i r t  d u r i n g  r e e n t r y .  

TEST DESCRIPTION 

Before  runn ing  t h e  Insta-Foam TFS models ,  t h r e e  c a l i b r a t i o n  models were 

run  i n  p o s i t i o n  1 o f  t h e  HGF. Ske t ches  of  t h e s e  t h r e e  models a r e  shown i n  

p ig .  1. R e s u l t s  from two r u n s  o f  t h e  f i r s t  model KSC-IF-CAL-1 a r e  shown i n  

F ig .  2.  As s e e n ,  t h e s e  two r u n s  show good r e p e a t a b i l i t y .  F igu re  3 shsws a 

photo of t h i s  f i r s t  c a l  model. 

R e s u l t s  of t h e  second c a l  model (KSC-ISF-CAL-2) a r e  n o t  p r e s e n t e d  because  
, . --.-.*- *. 

t h i s  model was t o o  l a r g e  and choked t h e  t u n n e l .  
I .  . . ', 
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A f t e r  p o s t - t e s t  e x a m i n a t i o n  o f  t h e s e  c a l  m o d e l s l r e s u l t e ,  t h e  f i r s t  TPS 

model was run .  F i g u r e  4 shows a  p r e t e s t  p h o t o  o f  t h i s  model.  T h i s  wodel  was 

i n i t i a l l y  made a t  KSC t h e n  m o d i f i e d  a t  MSFC. Its a p p r o x i m a t e  d i m e n s i o n s  sre 

shown i n  F ig .  1 ( t h e  same a s  KSC-ISF-CAL-1 w i t h  a 20 d e g  ramp angle) .  

S i m u l a t e d  p r o p e l l a n t  t u b e s  were  p l a c e d  i n s d e  t h e  foam. 

The h e a t  l o a d  r e q u i r e d  f o r  t h i s  model and r u n  t i m e  were d e t e r m i n e d  a s  

f o l l o w s :  f i e  ..oquired h e a t  l o a d  was assumed t o  b e  t h e  s a n e  a s  t h a t  p r e v i o u s l y  

u s e d  f o r  t h e  NSI c a b l e s  i n s i d e  t h e  a f t  s k i r t ,  and t a k e n  from Memo ED-31-82-1 
2 t o  b e  650  B t u l f t  - sec .  The o v e r - t e s t  f a c t o i -  was t a k e n  t o  b e  1.0 p e r  Bob 

F i s h e r ,  NASAlEP44. The h e a t i n g  r a t e  was t a k e n  t o  b e  t h e  peak v a l u e  from t h e  
2 c a l  r u n s  o f  t h i s  same s h a p e  - 32 ~ t u l f t  -sec .  T h i s  y i e l d s  a r e q u i r e d  r u n  

t i m e  o f  20.3 s e c .  

T o i s  model wa3 r u p  r 20.06 sec i n  p o s i t i o n  1 o f  t h e  HGF. The r e s u l t s  

a r e  shown i n  F i g s .  5  and  6. The foam waa a l m o s t  d e s t r o y e d ,  e x p o s i n g  t h e  

p r o p e l l a n t  t u b e s  and burned  m e t a l  u n d e r  t h e  foam. Because o f  t h e s e  p o o r  

r e s u l t s  i t  was d e c i d e d  t o  r e c o n f i g u r e  t h e  test  and r e r u n  a s i m i l a r  model  a t  a  

lower  h e a t i n g  r a t e ,  b e c a u s z  t h e  32 ~ t u / f t ' - s e c  was much h i g h e r  t h a n  t h e  

v a l u e  o f  a p p r o x i m a t e l y  1 2  ~ t u / f t * - s e c  measured d u r i n g  f l i g h t  i n s i d e  t h e  

s k i r t  a f t e r  c u r t a i n  f a i l u r e .  

T h i s  model was t h e n  m o d i f i e d  t o  a  10 d e g  ramp a n g l e  w i t h  a b o u t  2  i n .  

h e i g h t  b t  t h e  r e a r  a s  jeen  i n  F i g .  1. It was r e r u n  w i t h  t h e  r e s u l t i n g  

h e a t i n g  r a t e s  a s  s e e n  i n  F ig .  7. Two r u n  c o n d i t i o n s  were u s e d ,  t h e  s t a n d a r d  

h i g h  e a t ' r a l p y  c o n d i t i o n  bnd an  " o f f  nomina l"  medium e n t h a l p y  l e v e l .  The l o w e r  

e n t h a l p v  l e v e l  gave  a  peak e a t i n g  r a t e  o f  1 5  ~ t u / f t ' - s e c ( n e a r  t h e  d e s i r e d  

value) .  T h e r e f o r e  t h i s  l o w e r  e n t h a l p y  l e v e l  was u s e d  f o r  t h e  n e x t  TPS tes t .  

T h i s  r e s u l t e d  i n  a  43-sec test time r e q u i r e m e n t .  F i g u ~ e  8 shows t h i s  1 0  d e g  

ramp a n g l e  c a l  model ,  and F i g .  9 shows t h e  10 d e g  ramp a n g l e  TPS model.  T h i s  

TPS model was n a d e  a t  MSFC. 

R e s u l t s  o f  t h i s  t e s t  a r e  ahown i n  F l g s .  10 and 11. 
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Recession r e s u l t s  a r e  shown i n  Table 1. A summary of c a l  and TPS runs  i s  

given i n  Table 2. 

Ex t rapo la t ion  t o  F l i g h t  Vehicle:  I f  t h e  maximum r e c e a ~ i o n  r a t e  po in t  (39.38 

m i l s  pe r  second a t  a h e a t i n g  r a t e  of 11)  is  used,  then t h e  requ i red  foam 

th ickness  r equ i red  t o  p r o t e c t  a g a i n s t  t h e  h e a t  load of 650 ~ t u / f t ~  would be 

650 ~ t u l f t ~  
2 x 39.38 rn i l s l sec  = 2226 m i l s  o r  2.3 i n .  

11 B t u / f t  -sec 

Using a 1.25 overdesign f a c t o r  would y i e l d  a 2.9 o r  nominal 3 i n .  of  foam 

required t o  do  the  job. 

CONCLUSIONS 

A s  a  r e s u l t  of these  t e s t s  it is concluded t h a t  approximately 3.0 i n .  of  

"Insta-Foam" would be requ i red  t o  p r o t e c t  equipment i n s i d e  the  SRB Aft Skir: 

from r e e n t r y  hea t ing .  

W.  G. Dean, P ro je  
SRBITPS Contract  

Approved : 

,I , .,,. 
4 , , ; .  ! 'i. ,- 

fYL ; 8 ,  :! L 

C. Donald Andrews, Manager 
Sys terns Engineering ~ e c  t ion  

Attach: (1)  

(1) Tables 1 and 2 
( 2 )  Figs. 1 through 11 
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Table 1 - RECESSION RESULTS FOR RUN NO. 1118, MODEL NO. KSC-IF-3 

Notes: 1. Tes t  1118, Model No. IF-3 

2. HGF Tes t  Pos. 1 

3.  Tes t  Time - 40.05 sec 

1 - 
Distance P r e t e s t  Avg. Post-  Recession Recession Heating 

from L.E. Thick. Tes t  Thick. (mils)  Rate Rate (i3tu/ 
( m i l s )  (mils)  (mil/sec) f t2-sec) 

4 
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16 

1240 

1400 

1600 

1800 

2000 
- 

2000 
- 

2000 

- 
2000 

76.5 

203.7 

310.3 

377.8 

423.0 
- 

827.5 
- 

1221.0 
- 

1330.0 

1163.5 

1196.3 

1289.7 

1422.2 

1577.0 
- 

1172.5 
- 

779.0 
- 

670.0 

29.05 

29.87 

32.20 

35.51 

39.38 
- 

29.28 
- 

19.45 
- 

16.73 

11.6 

11.4 

11.3 

10.9 

11.0 
- 

4.8 
- 

2.9 
- 

3.3 
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Table 2 - SUMMARY OF RUNS ON INSTA-FOAM MATERIALS AND CAL 
MODELS I N  HGF 

Run 
KO. 

1097 / 5 i -30-deg Ramp, 6 i n .  High, 
i Cal (KSC-ISF-CAL-2) I I 

1094 

I 1095 

I 

20 1 20-deg Ramp, 3.5 i n .  High, 
/ Insta-Foam TPS , (KSC-IF-1) 

Run I Model Descr ip t ion  
Time 
(se.c) I 

/ Data O.K. 

Run Bad. Duct purges on by 

I 

Remarks 1 
5 

Repeat of Run 1094. Data very 1 repea tab le  I 

20-deg Ramp, 3.5 i n .  High, 
Cal (KSC-IS-CAL-1) 

I Model Too High. Choked tunnel .  

i Data no good. 

I (Same a s  1097) 

5 j 

Foam receded t o  s u b s t r a t e  i n  
sone areas. 

1118 1 40 1 10-deg Ramp, 2 i n .  High, 
I 

i 
( lnsta-Foam TPS (KSC-IF-3) ] Foam receded down t o  metal  o r  

I I ''ramp." Run a t  "off-nominal" 

1 medium enthalpy 

1116 ' 5 1 lo-deg Ramp, 2 i n .  High, 
I Cal (KSC-ISF-CAL-3) 

1117 1 5 1 

LOCKHEED - HUNTSVILLE RESEARCH 6 ENGINEERING CENTER 

Ran a t  "standard" high enthalpy 
HGF condi t ions ;  s t i l l  t o o  high.  

Ran a t  "off-nominal" medium 

I I 
en thalpy HGF condi t ions .  Heat- 

I * ing  r a t e s  down from Run 1116; 

1 I I Max 4 = -15 ~ t u / f t ~ - s e c ,  an 
i I j accep tab le  l e v e l .  



Fig.  1 - Insta-' n C a l i L r a t i o n  Models 
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OF POOR C. .... , * <  V = Run 1096 

a = Run 1094 

0 1 i 3 4 5 6 7 8 9 10 11 12 13 14 13 16 
Approximate Distance from Leading Edge (in.) 

(Also TC Number) 

Fig. 2 - Cal Runs for KSC-IF-CAL-1 
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OF POOR QUALITY 

0 
0 2 4 6 8 10 12 14 16 18 20 

Approx. Distance Along the Model Surface ( i n . )  

Fig. 7 - Cold Wall Heating Rate from 10 deg 
Ramp Angle Model KSC-GAL-3 
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